Zonotrichia capensis (Emberizidae) between Campinas and Botucatu, ABSTRACT The regional dialects or regiolects of the Rufous-collared Sparrow Zonotrichia capensis were compared between Campinas (47 • 06'W-22 • 90'S) and Botucatu (48 • 44'W-22 • 88'S), São Paulo State, Southeastern Brazil. Songs of 88 individuals from thirteen localities were recorded. Sonograms showed that two areas presented more homogeneous songs, forming two regiolects. In 11 localities most individuals shared the same song type. At the other two localities, they sang up to 5 different song types. This occurs at the boundaries of the regiolects, and was also where individuals singing more than one song type were found. Similarities between song types were not related to geographic distance between the respective singers. A comparative analysis showed similarities in these regiolects with song of populations from Northeastern Brazil.
INTRODUCTION
Studies on vocal learning in birds have been mostly done on a few species of oscines, where individuals need a model and intact hearing for normal song development to occur (Konishi 1989) . The two most obvious consequences of vocal learning are larger (sometimes enormous) song repertoires and learned song dialects (Kroodsma 1996) .
Studies of geographic song variation and vocal dialects have been conducted for a long time in North America, mostly on the White-crowned Sparrow Zonotrichia leucophrys (Baker 1974 , Baptista 1977 . Argentine populations of its Neotropical relative, the Rufous-collared Sparrow Zonotrichia capensis, were studied by Nottebohm (1975) , but *Member of Academia Brasileira de Ciências Correspondence to: Jacques M.E. Vielliard E-mail: jacques@unicamp.br the Brazilian populations of this species are little known.
In the present study, we analyzed the geographic variation of the song of Zonotrichia capensis in an area of Southeastern Brazil.
MATERIALS AND METHODS
The study area was the region between the cities of Campinas (47 • 06'W-22 • 90'S) and Botucatu (48 • 44'W-22 • 88'S), São Paulo State, Southeastern Brazil. Thirteen localities were visited ( Fig. 1 ) between these cities and the songs recorded with a Sony TCD-D10 or a Tascam DA-P1 digital taperecorder, and a cardioid Beyer M88N microphone mounted in an acoustic parabola (60 cm diameter). All recordings were made in disturbed suburban or rural areas, where this species is well adapted and commonly found.
Sonograms of the songs were obtained using the Cool Edit Pro software. The most common song on each locality was selected as the song type for that locality. The comparisons between the sonograms were made with the Matlab software, programmed to calculate the similarity between images. All the measurements were done between pairs of notes that occupy the same sequential position in the song. Correlation values between different songs were calculated as the average of the correlation values measured between their notes.
RESULTS
Eighty-eight individuals were recorded (Table I) . The song of Zonotrichia capensis found in this region showed usually five simple notes. In the localities of Campinas and Piracicaba the song-type had four notes and near Tietê, six notes. All songs are made only of simple notes, i.e. softly modulated whistles without harmonics (Fig. 2) .
Comparison of the sonograms showed the existence of two areas where the songs were more homogeneous, forming two regiolects. Around these two areas with low variability there were areas with high variability, with up to seven different song-types ( Fig. 1 ). The modulation, either ascending or descending, of the notes of the initial part of the songs allowed to easily differentiate the two dialects, inclusively in the areas with various song-types. Thus, the eastern dialect was characterized by descending initial notes, and the western dialect by ascending initial notes (Fig. 2) .
The localities with homogeneous song-types were Sumaré, Monte Mor, Capivari, Tietê, Pardinho and Conchas. The localities with high variability of song-types were Campinas, Rio das Pedras, Piracicaba and Botucatu. The localities from Americana and Anhembi too were in the high variability area, but few individuals were found, all singing a different song-type and thus making it impossible to determine a song-type to represent the locality. Individuals that can sing more than one song-type were found and all were in localities in the high variability area.
Songs from our study area were compared with songs in the Arquivo Sonoro Neotropical from other localities in Brazil. High similarity was found between songs from Monte Mor and Campos do Jordão (São Paulo State) and between Conchas, Pardinho and Macururé (Bahia State). Thus, it appears that the geographic distance is not a good factor to predict the variation of song structure.
DISCUSSION
The structure of the song of the populations of the Rufous-collared Sparrow from the studied areas has a very simple modulation and few notes. This characteristic differs from the songs of Z. leucophrys, which have more elaborate structures, including differentiated segments with buzzes, complex notes, simple notes and whistles (Baptista 1977, Baptista and King 1980) . The songs of the population of Rufous-collared Sparrow from Argentina, studied by Nottebohm (1975) , are similar to the songs recorded in the study area, except for presenting a buzz at the end of the song.
In general, correlations between first notes and between last notes were high. Sometimes the last note was repeated. The songs varied, mainly, in their central part. In this aspect, this population of Z. capensis resemble the population of Z. leucophrys studied by Baptista, which showed the greatest variation in the complex notes of the central part of the song (Baptista 1977) .
The difference in the modulation of the initial notes was used to determine the dialects. The similarity analysis of the sonograms, made with the Matlab software, showed this characteristic to be consistent enough to categorize the song-types. Moreover, the existence of two areas where the songs are homogeneous, encircled by areas where songs present high variation, confirms the recognition of two dialects.
The high variation area corresponds to the border area of the dialects, probably because of exchanges and interactions between these populations. Z. leucophrys from North America showed hybrid songs in the border area between dialects (Baker 1974 , Baker and Thompson 1985 , Baptista and King 1980 , but hybrid songs were not found in Z. capensis; perhaps the simple structure of its song cannot reflect its hybrid origin.
Individuals singing two song-types were found in areas of high variability only, suggesting that they were in contact with both dialects during their learning process.
The comparisons between songs from individuals separated by a long distance showed a high similarity between some songs recorded in our study area and songs from other regions in Brazil. For instance, the song-type from Monte Mor showed 75% similarity with a song from Campos do Jordão, São Paulo State, 189 km apart, and the song-types from In bold: song-type more common in the locality. *Individuals with two song-types.
Pardinho and Conchas showed respectively 74% and 77% similarity with a song from Macururé, Bahia State, at a distance of more than 1800 km.
CONCLUSIONS
This research shows that there are two regional dialects in the study area. The discriminant character is the initial notes of the song, which can ascend or descend in frequency. We found areas with high variability of the song-types uttered by neighbors and areas with homogeneous song-types between local singers. The higher variability areas correspond to the boundary areas of regiolects. Birds that showed two song-types were found only in areas of high song-type variability. Geographic distance is not related to the structural similarity of the songs.
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